| AD-A156 178

UNCLRASSIFIED

HANDHELD CALCULATOR RLGDRITHHS FOR COASTAL ﬁNGINEERING

REPORT 4(U) COASTAL ENGINEERING RESEARCH

VICKSBURG MS J L DERN ET AL. APR 83 CERC §3-9-4
F/G 8

1/1




PACHELAC AR g - LA MR ISt ol ol g nlvalin™ olatage. gyt At Bae g vk ok et it Bt S/t diat ekt -t Nt M T it i M A “".l’_a.l"_f.'r.'"T'l'.';V:"_"_'."{i‘*

———
o
| B
e
==
5
=
[

s =
i2s s pue

 co——
—
—
—
—

=g
F iz

rrr
r
re

Hl

MICROCOPY RESOLUTION TEST CHART
NATICNAL RURTALL NF 27aNDapps 1065 4

et e e

"‘.‘-’*.".". B L I

-u.‘...i-)\.t.“_:_z.p PR PO i PRI QP S, SN, WL




|

Army Corps
‘ngineers

e = 450 T e

MISCELLANEOUS PAPER CERC-83-9

HANDHELD CALCULATOR ALGORITHMS
FOR COASTAL ENGINEERING

REPORT 4

by
Julie L. Dean and Todd L. Walton, Jr.

Coastal Engineering Research Center

DEPARTMENT OF THE ARMY

Waterways Experiment Station, Corps of Engineers
PO Box 631

Vicksburg, Mississippi 39180-0631

April 1985
Report 4 of a Series

Approved For Public Release; Distribution Unlimited

Prepared for

DEPARTMENT OF THE ARMY
US Army Corps of Engineers
Washington, DC 20314-1000

™ E & ’_/"‘ . FAl




&

r v
¢

IR
.

Destroy this report when no longer needed. Do not return
it to the originator.

Ml S

- P
35S

TR

The findings in this report are not to be construed as an official
Department of the Army position unless so designated
by other authorized documents,

Eceession For
" NTIS GRAZI

DTIC TAB

Unannounced 0
i Justification

B

Dis“‘ibution/ The contents of this report are not to be used for
T advertising, publication, or promotional purposes.

Availabi_lity Codes Citation of trade names does not constitute an

|Avail and/op official endorsement or approvai of the use of

Dis Special such commercial products.




Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
!. REPORT NUMBER 2. GQVT ACCESSION 1 SCIPIENT'S CATALOG NUMBER
Miscellaneous Paper CERC-83-9 )jﬁ/
4. TITLE (and Subtitle) " 5. TYPE OF REPORT & PERIOD COVERED
HANDHELD CALCULATOR ALGORITHMS FOR COASTAL Report 4 of a Series

ENGINEERING; Report &4

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBEHK(a)

Julie L. Dean and Todd L. Walton, Jr.

9. PERFORMING ORGAN!ZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBE RS

US Army Engineer Waterways Experiment Station
Coastal Engineering Research Center
PO Box 631, Vicksburg, Mississippi 39180-0631

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
DEPARTMENT OF THE ARMY April 1985
US Army Corps of Engineers 13, NUMBER OF PAGES
Washington, DC 20314-1000 45

14. MONITORING AGENCY NAME & ADORESS(If different from Controlling Office) 15, SECURITY CLASS. (0! thia report)

Unclassified

15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, {f difterent from Report)

18. SUPPLEMENTARY NOTES

Available from National Technical Information Service, 5285 Port Royal Road,
Springfield, Virginia 22161.

19. KEY WOROS (Continue on reverse side il necessary and identity by block number)

Calculator algorithm
Coastal engineering

20. ABSTRACT (Continue en reverse side if neceeeary and identity by block number)

This is the for . in a series of reports providing handheld calculator
algorithms for use in coastal engineering. The first and second reports in
this series were published as Coastal Engineering Technical Aids (CETA's), and
are available from the US Army Engineer Waterways Experiment Station 'I‘th‘Z
nical Report Distribution Center, Vicksburg, Miss. Of these,>CETA 82-1 pre-
sents a set of six algorithms for programs useful in performing certain wave
transformation and wave generation calculations with both the Texas Instruments

(Continued)
¥ onme
DD EDITION OF ' NOV 85 1S OBSOLETE
Bdanide Unclassified
SECURITY CLASSIFICATION OF THIS FAGE (When Data Entered)
. L A




- Unclassified
3 SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20. ABSTRACT (Concluded).

- TI-59 (Algebraic Operating System (AOS) notation) and the Hewlett-Packard
e HP-67 (Reverse Polish Notation (RPN)); CETA 82-4 presents the same six

- algorithms for use on the HP-41CV (RPN). The third report, Miscellaneous
- Paper CERC-83-9, Report 3, provides calculator algorithms for use with the
- HP-41CV that forecast gravity water waves in deep and shallow water.

: The present report provides algorithms for three calculator programs
o intended for use with the HP-41CV. The first program computes the breaking

N wave forces on and moments about the base of vertical face structures using
o' the Minikin method. The second program computes the non-breaking wave force
- and overturning moment at the base of vertical face structures using both the
N M. che-Rundgren and Sainflou equations. The last program computes the pressurg
o distribution corresponding to the Miche-Rundgren and/or Sainflou solutions.
The reference to these programs is the Shore Protection Manual (US Army Engi-
- neer Waterways Experiment Station, Coastal Engineering Research Center, 1984).

/ N

4
o x t s
'

~ v_f
7,0, b & Y

L

'
.
N
Ay

a
)

3
'

[ g Sn e o gud

g r

i

'_.-‘, ,1‘:, [ .._ AR ... -

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

'I
o

‘"’l’.‘ .
@




PREFACE

This report was prepared and published with funds provided by the Office,
Chief of Engineers (OCE), through the Littoral Data Collection Methods and
Engineering Application Research Work Unit of the Shore Protection and
Restoration research program. Ms. Julie L. Dean, Civil Engineer, and Dr. Todd
L. Walton, Research Hydraulic Engineer, Coastal Structures and Evaluation
Branch, Coastal Engineering Research Center (CERC), prepared the report. The
authors gratefully acknowledge the assistance of Messrs. Orson P. Smith and
Robert B. Lund of the Coastal Design Branch, CERC, for their review of the report.

This report was prepared under general supervision of Dr. Robert W.

Whalin, Chief, CERC, Dr. Fred E. Camfield, Acting Chief, Engineering Develop-

. ment Division, and Mr. Thomas Richardson, Chief, Coastal Structures and Evalua-
tion Branch. During report review and publication, Dr. William L. Wood was
Chief, Engineering Development Division.

E Commanders and Directors of the US Army Engineer Waterways Experiment

3 Station during the preparation and publication of this report were COL Tilford

C. Creel, CE, and COL Robert C. Lee, CE. Mr. F. R. Brown was Technical

Director.
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HANDHELD CALCULATOR ALGORITHMS FOR COASTAL ENGINEERING

PART I: INTRODUCTION

1. The advent of the handheld programmable calculator has led to the
development of numerous programs in various fields of engineering and science.
Coastal engineering is no exception. This report contains three programs, two
of which compute breaking and non-breaking forces and moments on vertical face

structures. The third program computes a non-breaking pressure distribution

on vertical face structures. The reference to the programs is the Shore Pro-

tection Manual (SPM 1984).

2. The three programs presented herein are versions of Reverse Polish
Notation (RPN) logic suitable for use on HP-41CV programmable calculators with
or without accessory printer. Each program is documented, assumptions are
briefly described, and references to more detailed presentations of the theory
are given.

3. Each of the RPN programs incorporates HP-41 compatible print routines
which print and label all input and output parameters. The user has only to
enter the input parameters, and the results are automatically computed and
printed. Since the printing routines increase program length by as much as
25 percent, use of a magnetic card for permanent program storage is recom-

mended. The print steps do not need to be deleted if a printer is unavailable.
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PART II: DEFINITION SKETCH AND PROGRAMS

4. Three programs (108, 109, 110) are presented in this report. Pro-
gram 108 calculates the breaking wave force on and moment about the base of
vertical face structures using Minikin's method. Program 109 computes the
non-breaking wave force on and the overturning moment at the base of a vertical
face structure using both the Miche-Rundgren and Sainflou equations. Pro-
gram 110 calculates the non-breaking pressure distribution when either the wave
crest or the wave trough is at the structure using the Miche-Rundgren and/or
Sainflou equations.

5. Each program allows either US customary or metric input and output.
Program listings are annotated, making it possible to follow the logic of the
algorithm and to make modifications if desired.

6. There are undoubtedly many other calculator programs that have been
developed on coastal engineering subjects. Practicing engineers are encouraged
to submit them to the Coastal Engineering Research Center (CERC). If the
response 1is great enough, additional reports presenting the programs will be
prepared. Program authors will be given appropriate credit in these reports
and will be included in the report review process. Comments, programs, or
suggestions for programs should be sent to:

Commander and Director
US Army Engineer Waterways Experiment Station
Coastal Engineering Research Center
ATTN: Coastal Structures and Evaluation Branch
PO Box 631
Vicksburg, Mississippi 39180-0631
7. These and future programs will generally correspond to the following

numbering scheme:

Miscellaneous 0-99
Waves and Currents 100-299
Inlets 300-499
Beaches 500-699
Geology 700-899
Structures 900-1099

8. In general, the documentation of programs submitted should be in a
format paralleling that of the programs presented in this report. A blank set

of forms which can be reproduced is included in Appendix A.
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Program Description

T08R-4TCV Breaking Wave Forces and Moments on Vertical Face Structures -
Program Title Minikin's Method (RPN Logic)

Name Julie Dean Date 8/83
J. S. Army Engineer Waterways Experiment Station

Adaress Coastal Engineering Research Center

Cuy P. 0. Box 631 Slate Mississippi Zip Code 39180-0631
Vicksburg

Program Description, Equations, Variables, etc.

This program calculates the breaking wave force on and moment about the base of
vertical face structures using Minikin's Method (Shore Protection Manual, 1984). Input
values are the water depth at the structure, dg, the height of the structure, b, the
unit weight of water, Xw, the wave period, T, and the nearshore bottom slope, m. If
the structure is founded on a rubble base, the program will ask for the water depth D
at the toe of the foundation; if no substructure is present, a water depth D will be
calculated at a distance one wavelength seaward of the structure. 1If the top of the
structure is lower than the crest of the design breaker, reduced forces and moments will
be calculated.

The wavelength used in the program is calculated using an explicit formula (Nielsen,
1982). The breaker height M, is calculated using equations (2-92), (2-93), (2-94),
(7-3), and (7-4) of the Shore Protection Manual (see program 104R-41CV, CETA 82-4). For
a nearshore bottom slope of zero, breaker height is given by H, = 0.78dg.

The algorithms use either the U. S. Customary or Metric system of units.

REFERENCES

Nielsen, P., "Explicit Formulae for Practical Wave Calculations,'" Coastal Engineering,
p. 389-398, 1982.

U. S. Army, Corps of Engineers, Coastal Engineering Research Center, Shore Protection
Manual, Chapters 2 and 7 (1984).

Walton, T. L., "Hand-Held Calculator Algorithms for Coastal Engineering (Second Series),"
Coastal Engineering Technical Aid No. 82-4, U. S. Army Corps of Engineers, November
1982.
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User Instruetions

108R~-41CV

BREAKING WAVE FORCLS AND MOMENTS ON VERTICAL FACE STRUCTURE$

Y7

MINIKIN METHOD | sz 9/9
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
| |LoAD PROGRAM (BWF) XEQ] ‘BWF" |EOR M ?
2 |CHOOSE U.S CUSTOMARY OR METRK
UNITS ysar M, [RIs]] o5 ?
3 |ENTER DEPTH AT TOE OF
WALL _ds [ket or mekrs) s [R]s] b?
4 |FNTER WARLL HE/IGHT, b
(et or mekers) b [R/s]  \ywir wr?
5 |ENTER UNIT WEI6HT OF
WATER [16/(4 or K/m?) Yarer| [RIs] 7?
b |ENTER WAVE PERIOD [sec) | T [R]5] SLoPE?
7 |ENTER NEARSHORE SLOPE | m [R/s]  |RuBBLE FDN
8 |ANSWER YES OR NO 70
RUBBLE _FOUNDART/ION OPT10N Yor N [R]s]
- JF YES. _INPUT _DEPTH
AT TDE OF SUBSTRUCTURE
(feet or meters) D [RIs]
-JF_NO, DEPTH D 15 CALCU-
LATED N PROGRAM
9 |kREnp  ForcE (' [ey o *9m ) RCE ="
RE#D _MOMENT [f-lb/gs or "7-'%) "MOMENT= "

JORR-41CV-2
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User Instruetions

SIZE:

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

EXAMPLE PROBLEM:
ds= 75ft. = 2.280m
be J0f+ = 30948m
Yu= ¢4 15/f3 = 102518 K9[m?
T= 6 st ]
m= 0.05 X

bl A s

SEAING KOVE € T
BB H W R

SPECVING WEYE €1ill]

CTINA uree
METVIC RITE

IR XYY -
R 3 _
R 2,258 5

1 Bl L 3
e e gl (TR R
R D S HHTT §T paTEgs

oy 't N -
PRI *a

Bty e

Note that the moment cad-
culartd when a rubble foun-
datrorr £X1STS 15 Fhe monm et
At the base of +he fowmda -
#1om (Pont A, ot the base
of the Shructure (Point B).
The moment at powmit B Can
be Calculared:
H = MA _b/F /"
where b = heyght of ruvkle tovndation
F "= reduced force on wal/
See Definihon Sketch

108k-41CV-3
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User Instructions

SIZE:
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY !1
CON-COERY Ing WAYE FOOTC. WiN-BPTIN TG MAYs P T, <
EXAMPLE PROBLEM: 5
T CNIT, DY KETOIR (hiTs .
/ E
olepth= /)" = 3048 m ]
agaTy pPTU:
T= ¢sec li.oes  ens IT TR —
' pET I SERI0ES o
X= /0 B.dgre ers Bded am 5
KNS VT WOYE HT, = :
S

Y : 04 blg3 = 1025184 K s e Lats e

PECLETTINK CQE-F.=

L2 4] 1., ¥eps 1y

TR, nTErs PRI KT, WQTER:

f4, Rvpr t53 1825, 154 (213

Choose,:

WELWpeta BO0g A 1 S

B NN . A

0w wall /']6132/”{ ophon vrovTzo VTopRY £a7
; h-CF=1i, 4RET YO-CE=F i
wall nt.= W '= 3548m zr-c'::r.t;E* VY—SF=1.;;::¢
rubple fvndahov gphon
, gati 9T Wi BTz
rubble ht. = 5= /529m LAE e ZRe ana
R QURRIT KTz
LR ' 1.5 r

Read.: vrouso
Force in /g o '9m IS
Homent in "oy > K97y wt o ke
'S‘amﬂou erg gl.\/es e SaTNEL i SoTRFLOI

L

X Pzl 440,2352 PI=7.611.4595
values Pf(dlCﬂ’d by £T=C2 7174 PT=07, 3852
WI=17,202,.9987 MT=7,007,821:

SPM_Figures 790 7-9/, 7-92.  wi-in.en 11468528
ote that the moment Calcudared
when @ rubble fundation Lxsts)
/s the moment At the base of

e funalanon, not at vhe mase

NP .. BN

Of the _shucture. 3
The moment at the Deof the shucture can bt fumd Hom .

M of sorycnure™ Moase of g~ bF" -:
where __b'= heignt of rubble hvmdation 1

and  F': reduced force on wall. Bee Fig.7-98 (spH) or De,@'m‘ﬁ_on Ske’rch._J

1O9R~4 1CV-9
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User Instructions

SIZE:

STEP INSTRUCTIONS FUNCTION DISPLAY

12 |READ Mic HE- RUNDGREN ¥ HICHE R
FORCE wiTH (REST AT whLL (1 o %) R =
FORCE _wiTH TROVGH AT wALL (Ya ") R[S B, -
MOMENT WiTH CREST AT WALL (W, o K9P%n) K|S Me =
MOMENT wiTH TRovGH AT wALL (*Fiy o« X7} g/s M=

13 |Reap sPINFLov™® R[S SPINFLOU
FORCE _wiTH CREST AT WALL ("I *im) R
FORCE_wiTH_TRovGH AT wee (M X} R[S P
MOMENT wiTH CREST AT whaLL ("“Hp -k R[S M=
MOMENT wiTH _TRoUGH AT waLe ("ff «kgml) R[S Mg

X The_solubion giving_lower values

0t force_and moment s the Solutron

Hat corresporids o SPM Frgu s

791, 7-92 7-93, 7-94, ant_ 795

NoX .

SPM_Figure 7-90 plots +he

Miche - Rundgren theéory for large

values of Heforrs but as Hefpre

approacits £ro, the Curves are

Comvmauned 10 pass through ™[ p:=10

For Smau values of Hilgr®, +he

Progrdfhé Y and Yy may not

Covrespord 1o the  Shore Prokchon

Manuals .

21
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User Instruections

109R-41CV - Non<Hreaking Wave Forces and Moments on Vertical-Face

~

U

Structures - Miche-Rundgren and Sainflou Equations Size: /158
STE?- o INSTRUCTIONS INPUT FUNCTION DISPLAY
| |BEG/N PROGRAM XeQ] "NBWFE" |Eor M7
2 |CHOOSE US. CUSTOMARY OR
METRIC UNITS yS or M [gs] | DEPTH?
3 |ENTER DEPTH ( feetor mexrs) a [RIs) PERIOD?
4 |ENTER WAVE PERIOD (seconds) | T LRIs] WRVE HT?
5 |ENTER WAVE HEIGHT (et wmettrs)] H. [R]s] REFLEC. Coer#:
6 |ENTER REFLECTION COEFFICENT | X [Rls) UNIT WI.7
7 1ENTER UNIT WT. 0OF WATER
(blgy? or  K9fm?) v LR]s]
8 READ MrcqEe - RUNDGREN
Height of crest above bottorm Ye-MR =
Hejght of 1rough above tottom qT-MK =
REBD SHINFLOWU |
Heignt of Crest above botom YC-SF=
Hight of trough above borom YT-5F=
LOW WALL HT)!
9 [CHOOSE LOW WALL HT. OPTION! Yor N, [Rls]
IF YES WALL HT.7
ENTER WALL HEIGHT (ftorm)| b [R)s] RUBBLE FDN
J0_|CHOOSE RUBBLE FOUNDATION 0PTioN] Yor N, [Rls]
IF _YES VBALE HT.7
ENTER HEIGHT OF RURBLE
FoyNDATION (feet o mettrs) b [®]s]

(comhnued on next page)

20

109R-41CV-7




P S i S Shedl 2t Badh B NDadh S Jhudh Shh 2t Mot ik Yl v PSS N N A AN S A AN AT AR R Madl Il Sl e SRk A

REDUCTION FACTORS

Flow wall = °f T
Frubble - Fr ~ T¢ * Fp

Flow wall & rubble -

Where r =%(2—R)

¥

K

]

Miow wall = Tm ~ Mp LJ
M _ '
rubble ~ M ~ Ty " Mg »
M = -r oM A
low wall & rubble rm M'1‘ m T %

‘
g

2
Where r = <B> (3 - 23) “
m y y

Ca e e s
: N
Alate o s e L

3

‘1
IR B B Y S |

109R-41CV-6
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fiche-Rundgren:

Y (R) = Y+ H (14X):F1/2 + (n-HiZ-Fl-F2/4-L)((ltx)z-F5+(l-x)2-F6)
Y (K) = Y_(K) - (1+)0)H -Fl

PL = =Y - H (1+30-F4/2 ~(n-8,2-F3/4-1) (1902 F7+(1-02F8)

PC(K) =)’-P1 + + + s+ e + « s« 4+ e 4 .« s « . . .crest interval pressure

Pt(K) = PC(K) + )’-Hi (I4X)-F4 . . . . . . . . . . trough interval pressure
MC(K) = PC(K)-(YC(K)+d) e e« « o+ s « 4« s+ &« « . « . crest interval moment
Mt(K) = Pt(K)-(Yt(K)+d) « « s+ s e « + e« « s+ & + . trough interval moment
o
R
Sainflou: ]

)

N

—-— 2 .
YC(K) = Yo + H -Fl + 7 H,"-Fl F2/L _ljl
R
= - . . L
Yt(K) YC(K) 2 Hi Fl ]
.
PL = -Y_ - H-F4 g
()
X
R
“]
Pc(K) = XPI © + + « « « « 4 « 4 s « e+« + « . . crest interval pressure g
;
Pt(K) = (H-FA—YO)-X. - « « « + « « « e v« . .« . trough interval pressure '1
MC(K) = PC(K) (YC(K)+d) « « 4 o +« 4 « « s o+ +« « . crest interval moment }
R
M (K) = P _(K) (Yt(K)+d) &+« « « « 4 <« + .« . .trough interval moment 5
109R-41CV-5 ’
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Gt

Fterm

Cl

Sl

Tl

F5

Fé6

Dd

c2

S2

C3

S3

C4

S4

Fl

F2

F3

F4

F7

F8

EQUATIONS USED

_ (gf d
T g

3 1

Gt + (1 + 0.6522Gt + 0.4622Gt> + 0.0864Gt> + 0.0675Gt")”
T(G-d/Fterm)%

d/L

cosh (27A)

sinh (27n4)

tanh (2n4)

L+ 37613 - 174¢c)?
3/4(s1)? + 1/4(c1)?
number of intervals

d/N

Yo/L

cosh (27n(A+E))

sinh (27 (A+E))

cosh {(27n(2A+E))

sinh (2n(24+E))

cosh (27E)

sinh (27E)

S2/s1

c2/sl1

s4/(s1)?

S4/(Ssl)(cl)

(1 - 174(eD?) 3 - 2.11-53 + 0.75(ca/(sH)? - 2-c2/c1)

c3/4 (c1)? - z-11-83 + 0.75(cas(s1)? - 2-c2/c1)

17
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conhnued :

!

b | DISPLAY HICHE-R {SAIN,
HE !GHT OF CREST , Ye
HE|GHT OF TROVGH, Ye

N v {

WALL HEIGHT 3
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Program Desecription

109R-41CV Non-Breaking Wave Forces and Moments on Vertical-Face Structures -

e ad B L

Program Title Miche-Rundgren and Sainflou Equations (RPN Logic)
Name Julie Dean Date 6/83
U. S. Army Engineer Waterwazs Experiment Station
Address  Coastal Engineering Research Center ‘
Ciy P. 0. Box 63l State Mississippi Zip Code 39180-0631

Vicksburg

Program Description, Equations, Variables, etc.

This program computes the non-breaking wave force and overturning moment at the base
of vertical face structures (including the hydrostatic components) given the reflection
coefficient, X', depth of water, d, wave period, T, incident wave height, Hj, and
unit weight of water, Xw. The force and moment are calculated using both the Miche-
Rundgren and Sainflou equations; the Miche-Rundgren theory is more accurate for steeper
waves, while the theory of Sainflou gives better results for long, low-steepness waves.
The program can be used in lieu of figures 7-90, 7-91, 7-92, 7-93, 7-94, and 7-95 in the
Shore Protection Manual (SPM); see also CETN I-21, 12/82.

The program outputs the wave forces and moments at the wall for crest and trough for .
both the Miche-Rundgren and Sainflou cases with the option of calculating the reduced .
force and moment due to a low height wall and/or a rubble foundation. The solution with i

the lower values of force and moment is the solution as given by SPM figures 7-90, 7-91,
7-92, 7-93, 7-94, and 7-95. If a rubble foundation exists, the moment calculated is the
moment at the base of the foundation, i.e. sea bottom, not at the base of the structure. *]
The algorithm uses either U. S. Customary or Metric system of units. K

4

-~

REFERENCES

Hughes, S. A., August 1982, Basic Program: 'WAVEFOR", available from Coastal Engineering
Research Center, U. S. Army Engineer Waterways Experiment Station, Vicksburg, Miss.
39180-0631.

U. S. Army Corps of Engineers, Coastal Engineering Research Center, CETN-I-21, 12/82.

U. S. Army Corps of Engineers, Coastal Engineering Research Center, Shore Protection
Manual, Chapter 7, (1984).
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272 ¢
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278 ¢
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START PROGRAM
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755 PO M
7E7 6T 22
753 RIL 8%
739 BRIl 36
7% s/

761 STD 48
762 1.0
783 ¥{=V?
764 070 22
765 3

765 RIL 48

767 2
763
76 -
770 RoL 42
77 ve?
7.
773 P03
T4
25 510 7
77608 22
g2
2
07

~

%'d

»
hes

732 Xt
793 ¢

794 (3
795 BOL 1
795 »

U e VN W ton WY 1y

{oment Reduchon
’ Subrovhn€

low wall reduction

B YRR
.I_Ll * L ’ - 2

2ybble Reduchon

AT
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STEP  KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

AR A

MR~ PR

797 ECL 2t
7%

795 5T Ut
fea 479 23
3aferpe 2t
282 RCL 31
843 pTL 1!
84 -

Q95 ST It
ShaeLeL 23
297 pCL
gu3 &™
$R9 END

oy TR

-
P

® VIR

o e e’y

J= L
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.
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Program Description

110R~-41CV Non-breaking Wave Pressure Distribution on vVertical race

Program Title Structures - Miche-Rundgren and Sainflou Solutions (RPN Logic)
Name Julie Dean Date 8/83
U. S. Army Engineer Waterways Experiment Station
Adaress Coastal Engineering ResearcK Center B
Cuy P. 0. Box 63l State Mississippi Zip Code 39180-0631 1

Vicksburg

Program Description, Equations, Variables, etc.

This program calculates non-breaking pressure distributions when the wave crest is T
at the structure and when the wave trough is at the structure using both the Miche- e
Rundgren and Sainflou equations. The solution corresponding to Figure 7-91 or 7-94 of 2
the Shore Protection Manual is the solution with an overall lower pressure value. Input . ff
values are the water depth at the structure d, wave period T, incident wave height H_| C
reflection coefficient X , and unit weight of water X . The user is given the option )
of calculating the pressure distribution values using elther or both the Miche-Rundgren
and Sainflou solutions. This program is identical to 109R except that the pressure
distribution is printed out without integrating to obtain force. The algorithm uses U. S.
Customary or Metric system of units.

REFERENCES

Hughes, S. A., August 1982, Basic Program: "WAVEFOR", available from Coastal Engineering
Research Center, U. S. Army Engineer Waterways Experiment Station, Vicksburg, MS
39180-0631.

U. S. Army Corps of Engineers, Coastal Engineering Research Center, CETN-1-21, 12/82.

U. S§. Army Corps of Engineers, Coastal Engineering Research Center, Shore Protection
Manual, Chapter 7 (1984).

Operating Limits and Warnings

Because of the large number of output values, this program has been written for use with
printer only. It can easily be modified to run without the printer by deleting the
printer instructions and inserting R/S statements where output values are desired.

110R-41CV-1
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User Instruections

. Jiatt aad g

i Sl e i
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...........

o ruttures - Micheomondgren an Sainflou Solutions (RPN Logic) SZE: 43
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
| |L0AD PROGRAM (NBPD) [Xeq) “NBPD" | E OR M7
2 |CHOOSE UsS CUSToMARY 0R METRIC
UNITS USxM, [RIs] | DEPTH?
3 |ENTER DEPTH (feet or meters) | A LR/s] PERIOD?
4 |ENTER WAVE PERIOD [stconds) | T LR/s] WRVE HT.7
5 |ENTER INCIDENT WAVE HEIGHT
(feet or meters) M LR/s] REFLEC COkFg
G |ENTER REFLECTION (OEFEICENT X LRIs] YUNIT W17
7 |ENTER UNIT WEIGHT OF
waATER (10/g43 or ¥9fm?) Yo [RIs] MR 7
B |ANSWER YFS OR NO 7D
MICHE -RUNDGREN PRESSURE
DISTRI BUT/ON yor N, [RIs]| SF?
9 |ANSWER YES Ok NO 70
SAINFLOU  PRESSURE DISTRIBU-
710N Yor N, [R5]
10 |\READ ELEVATIONS [f.or m)
READ PRESSURES [ 'Plet or "Im)
The  solut1on Corresporading 1o
Firoure 7-91 or 7-94 of the
Shore Protecthon Manual 'S YhHe
soluhon with an overall lower
Pressure  yalu€.
110R-41CV-2
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User Instruetions

b

SIZE:

STEP

INSTRUCTIONS

INPUT

FUNCTION DISPLAY

Example Froblem:

- U.S. Cusv‘amarg Units

depth= 10 £

¢riod= ¢ sec.

H = 5.

= /0

d
v = 0% lps

Read Mighe- Kurdgren:

elmtm ()

pressure. (1b/#*)

Read Samflow -

elevaton [H)

pressure. (lb/H#)

Sie e unflon

pressure  distribu-

hon _provides lower
pressures thian the

Miche - Rundaren

theory, the ~Sainflou

NON-BRXG PRESSURE DIST.

4S CUST. UNITS

DEPTH=
10. 90808 Lidd
PERIND=
6. 08088 3
WAVE HT, =
5.6999 Lt
REFLECTION COEFF,=
1.6689 Lidd
NTT WY, WATER=
64,3860 5%

MICHE-R...CREST AT WALL

ELEVATION PRESSURE

2,5929 9,900
f. 5401 Y9, 989
4.551% 181.048¢
2,€198 274,8397
8, 732¢ 369,792
-1.1147 40t 7187
-2.9209 95,7228
-4.7104 667,243
~£.4992 71,3541
-9,247¢ 873.4092
-14. 9484 988, 7T

WICHE-R...TROUGH AT WALL

ELEVATION PRESSURE

-1,407} LA UL
-2,7%4! 33,8481
-1,2797 80,9914
-¢, 1619 122,3586
. A1 lob, %15
~5,084¢ 231,594
-€,7275 297.8299
-7.5917? Jus,7705
-8.31728 153.1802
-9.1973 492.9363
-18.9600 454, 1494

SRINFLOVY. . .CREST RT MALL

ELEVATION PRESSURE

£.4852 9.0088
4,6568 89.1164
2,9439 1723298
1.2618 267,731%
~9.2941 357.4277
~2.8279 447,504
~3.€424 53y.6873%
-5,2459 629.2364
-6, 2758 721,889
-2.4197 813.735%
-10. 0009 947.2946

SATNFLOU. . TROUGH AT WaLL

ELEVATION PRESSURE

~3.5947 8.9808
~4,2371 38,883
~4,2794 r7.6712
-5.5:8¢ 116.2665
~6. 15385 154,5723
~6,7983 192,4%¢
~7,4302 229.92'%
~8.a704 266.7636
-2.719? 382,917
~9,7597 338,2675
-14. 9849 372.7854
END

A
soluhon Corresponds 1o

SPM F(gure, 7-91.

[ RIPLIPPLIN I

- - - -

M PP L W YN NP, PRSP AP AL SPUCIPRS TP T
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User Instruections

SRl S A S el B Al VA A Y NS e S AR AN 4 TR~ Ana Pl e “alby il Wil Al S Sak, Al S A

SIZE:
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
Exam P/C Problem: NON-BRYG PRESSURE DIST, SAINFLOU...CREST AT WAL.
. . NETRIC UNIT ELEVRTION PRESSURE
- Metric  Units 1,942 v, 2980
nEoTH: 1.4175 438,951¢
aeph= 3.05m LS s 22210 g7u,370°
- PERIOD= 8,777 1,388, 7274
P(fIOd"' QSCC €.08399 Lt -8, 1246 1.744, 8957
WAyE HT,= -8.6221 2,138, 1504
H; = 1.52m 1,502 asx -1.1142 2626, 1841
REFLECTION COEFF,= -1.62:9 3,871,036
X= /0O LOwR a4 -2.98¢3 3510, %5;
3 IMIT WT. WGTER= -2.5627 3.971.5353
Yw = 1025.18 K9/m 1,825.1322 s -2.0564 4,428.1¢12
WICHE-R...CREST AT kOLL SOINCLOY,  TROUGH BT Wi,
Read M tdx’-Rurxiqren: ELEVATION PRESSURE ELEVRTION  PRESSURS
( ) 2.6072 9.ame2 -1.994¢ @, Riso
' m 1.9573 439,54% -1, 2903 LT En
Licvation 7 1.7783 836, 2441 -1,4%0 )
2-) 9.7901 1,361, 2493 -1,¢008 93,
pressure 9im 9.2162 1,8%4,875¢ -1,3769 250, 9452
-0,3457 2.275,793: -2.8722 942,647
-8,5952 2,753,993¢ -2.2676 1,125.9747
. . -1, 4478 3,256, %25 -2.4531 1,396,4229
Read S‘a’ﬂf/ou -1,981% 3,762,449z -2.6587 1,433.5133
. -2, 5187 4,244,480, -2.8543 1,656,639
Lleyation (m) -2.4509 4,822,799 -2,9509 1,825, 4563
z.) END
pressvre (k9/m MICHE-R,.. TROUGH KT WOL.

Since_the Sainflou

pressure  distribitim

provides lwer prés-

Sures ah the

Miche - Rundgren heory,

e Sanflok  S0lupm

ELEVATION PRESSURE
0.9499
194, 9669
396.2226
682.5724

-8.4322
-8, 7205
-0.939;
-1.2v1e
-1.532
-1.79%%

-2,0514

el
-2
=2

Corresponds 1o SPM_Fiqure 79

110R-41CV~-4
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Program Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
PraLL mpplT 68 PeX
B2 KIN-EQKG PRELSU 81 570 &S Iw > Ros
W7 BT DleT, 2 2
B4 OVIEH 67 o1
Pg 2™y (4 s
RS 65 RCL 8z
T £ /
AT 67 xt2
#2 -uc Qf wos €3 KCL @1
13 8 ey
10 agaweT M R7L Be
12 ROEF 7
a0 v 72 510 86 Gt >Ra
14 1Lk 73 4.9
19 =< 24 Y%
G opTe ¥ 75 8,967
17 02 % s
13 5= 77 RCL 86 A
CEAGEY 70 3.8
29 ~WETRIC UNLIS® 72 Yoy L
21 avIEd 89 2.9364 S
22 9.5 81 ¢ R
21 67 03 2+ o
240100 B2 83 RCL %6 °
25 U CusT, UNtT3e 8¢ x12 =
25 VIEW 25 0.4522 e
27322 8 o
20000 03 87 +
29 ST ¢4 i Roo 88 RCL 85
AL 29 9,652 c
31 epFRTHe 99 » e
32 PRONPT ar s - @,
77 -pe27N= % | Ry
14 pe3 03 + N
75 o6y % 1 o
> 5T W d = R a5 RoL
T erzen % + m
T openup; a7 1x ' -
13 ergpIper 93 RCL 9% .._..1
43 PoR 99 ¢ s
4Py 109 RCL @ AR
2518 T Roz 101 0 N
42 *RAYE MT. 102 Se61 e
t4 PEONCT 103 R°L 82 o
45 *pl.T T e 1P4 s Lo .‘
o b s s L—> Rog -
s e tec FCL vl R
H: = Roa 97 g e -4
2. ¢ TE g
e ARy e
| ‘ i e ‘1
54 ppy 17 R,
5 517 8 X —> Roqy 114 570 11 ( )—=R, -
5% UNIT W 115 ¥EQ *CCswe
57 pROwRT 15§10 12 ¢l = Ry
S3 “UNIT KT, WRTEP=* 17 RCL 11
<2 peg 118 XEO *SINN" 51 — Ris
119 €10 |2 110R-41CV-5
35
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STEP  KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS :
128 FIL 2 18 ¥E0 “1v- ]
12t 17357 22 S2—K32
122 570 14 T/ R4 169 £l ia -]
123 oL g2 1o 2 -
124 o2 1e2 !1*
125 4 123 PLL 28 ]
176 s 194 + -
1027 1w 185 2
e o 125 #

129 21 17 197 ¢f .
138 82 103 # N
17: 4 193 S70 11
1720, 199 YER -CySHe “
137 17 131 57 21 €3 —Ks3 ]
134 7 192 RIL 11 i
15 197 XEQ “SINM®
i35+ 194 ST 24 S3—» R

7 195 RCL 20 2

133 + 196 2
F5 - Rs 197 ¢

1432 Pl

—
[
B
Eatd
-~
-~
o un

141 X2 199 2
142 4 2e9 ST 11
143 ¢ 281 ¥EQ -COoH-

202 70 25 c4-> Rz
145 RCL 11 203 REL 11

146 ¥t 264 XEQ *SINH
147 4 205 §70 24 $4 - Ky,

148 4 205 RiL 22
142 L, 207 RiL 12

159 3 263 /

150 8 13 Fl — Ryq
162 + R RO

15 516 - Fo = Rle Rl

15¢ 001 ’

155 12,8 572 F2 — Rzg
1 v

157 81y o Dd— Rp R

152 9.2 P X

152 §T2 15 % =0-> Kig 4

168 §T0 12 1! 3> Rz9
15l 9e 0~ Ryq (counter) p F z
1€ 1.9 N

300

TR

SRl w

= " a2 E—= RZD

{22 k0w

e e

172 Pi 238 043
177 271 RCL 28
174 ST0 11 232 RIL 13

175 XEQ *COs5He 273 %4z

176 STo 21 C2—>Ry 214 /
177 201 1t 215 +

110R-41CV-6
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STEP

KEY ENTRY

KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

27 9.7%
23T 2

233 R7L 18
233 LU 24
2¢2 s
42

242 »

247 fwr
244 4

245 °10 11
240 P12
247 582

4
249 &
250 Y
251 Cpg
€ 4
257+
254 RCL 27
25 1
Sh ¢+
257 8§10 X2
252 ROL 23
259 4

262 412
21

2cd ROL It

272 RN
273 PROMPT
274 ROFF
279 ASTo ¥
276 CLA
277 N
273 ASTG X
279 TR
2% x=vo
2500 1
260 3 g
7'."? g:-“

224 “wIoHESY,, LT

208 “ELEVATION PRES-
2€9 “HSURE"

292 PR

291eL8L 12

292 F$* 1

(quartity) >R

F1—2 Rz,

F8—> FZ:;;

37

247 Q10 14
244 1,0
295 RCL 24
2% -

297 %12
243 RCL 16
203 »

40 2L ¢

38
24
FLER 49

212 R 27
i3

314 RCL 25
15 ¢

36 4
317/

318 FOU g3
19 -

322 RCL W4
32t

EYRNE S

T ROL 23
prl)

5 e

333 SYFCHR

I3 RTL 24
3T

333 4

39 RIL B3
42 »

E -
qer s

€3 LF3

w
Ey
-

RCL 34
345 +

345 ST0 35
J47 RCL 19
343 40

349 ¢+

Ye

Ye

L10R-41CV~7
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
1% €70 4 467 POL 19
1 REL IS 43 51
752 STY IND 4v Wy 4
357 1.8 418 STO 48
154 ROL 84 411 RL 35
355 - 412 STO IND 49
156 782 413 pEL 17
< KCL 33 414 ST~ 18
2. 415 RL 19
1% 1 415 11,9
358 RCL B4 417 X270
I+ 419 GT0 84
32 ¥12 419 6.9
353 R0L 32 429 $79 19
T 421 ROy
35 + 422 “MICHE-R.,.TROUS®
3ex P1 423 “FH AT wALL®
3T * 424 PPA
363 RCL 83 425 AV
769 ¥=2 426 “ELEVATION PRES®
78 s 427 “FSURE®
71 RCL 29 429 PRA
72 s 42948 18
373 4 439 RCL 19
374 s 4311
75 R°L 83 42 4
w6/ 433 510 19
™7 424 48
373 o0l 84 435 +
KPR 435 STO 48
359 RCL 03 437 RCL IND 4@
e 435 ACK
382 PUL 34 437 %
37 e 449 SKPCHR
134 2 423 ROL 19
%55/ 42 2
R 443+
3T PCL 12 444 STO 49
38 4 445 RCL IND 40
129 CHS 446 ALK
399 RIL 5 447 PRBUF
KL 448 RCL 19
232510 36 Fe 449 11.8
197 qoy 45y ¥=Y?
794 OpaLy 451 6T 11
TIT N ae 452 510 18
437 F52 8}
454 G670 14
gy vl 4sSeLPL 11
455 *GFe
L e 457 AN
458 PROMPY
fLL 3w 459 ROFF
468 ASTH Y
RCL 36 Pr 461 CLR
462 N

110R-41CV-8
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
463 RSO X 510 4
44 (L 529 CHS
445 ¥y 521 PUL 65
466 €10 13 522 4
487 S Q1 523 570 19 )73
483 A 2% RCX
457 SCOINTLYY,, CRES 525 PREUF
479 *+7 AT WALL® 525 el ¢
4Ty BEE 5:7 RCL 83
477 By 529
473 “ELEVATION PS5 $29 RCL 18
474 FORE" 579 -
475 PRY 531 PCL @5
476 0.9 532 »
77 519 13 513 5T 3¢ Fe
473 579 19 534 RCL 19
479 GIn o4 515 St
4300LEL 14 53 +
@RI 27 537 ST0 48
482 RoL 28 533 RCL 38
4274 539 STO IND 48
4%4 RCL 93 540 PCL 17
435 %42 541 ST- 18
4 e 542 REL 19
487 Pl 543 11.0
433 » 544 K2y?
429 pCL 83 545 GT) @4
a3 / 546 ROV
sy Ry 27 S47 *SAINFLOV. . TROS®
492 RCL 3 543 *HH AT MALL®
407 s 5¢3 PR
03¢ + §59 AdY
435 RCL 13 551 "ELEVATION PRES®
4% SS2 -bSURE*
487 ST 37 Ye 553 PRA
432 a0y 554 9,9 ;
9 ¢ €55 810 19
569 SEPUHR SEeLEL 1S
581 RCL 37 557 RCL 19 o
<e2 RCL @3 559 1 N
s63 2 559 + R
34 o 559 ST0 19 "‘
I ReL 27 561 48 Yy
53¢ 62 4
7 - 53 510 42 o
502 2t 13 SA4 RCL INL 4% <
09 PrL o2 Ht K5 Gy v
<2 42 %508 )
<t 7 CYRLAR
€237 4» 563 0L 19 D
S13 ReL 33 69 51 oy
S14 ST IND 49 578 + :
$15 RCL 39 571 ST0 49
S1¢ pOL 93 572 RCL IND 4v
517 ¢ 573 ACX
518 PCL 12 €74 PRBUF
110R-41CV-9
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STEP

KEY ENTRY

A aingl aaS

KEY COOE

Bl Al

COMMENTS

STEP

A SR S S et e

KEY ENTRY

KEY CODE

COMMENTS

575 ecL 13
<% 11.0

S77 A=¥7

579 oTe 7
7% G101
SoRelbL -
BLIERS A 4

552 €44
S8 6L N
524 01
585 £4%
3% +

567 2

<25 /

89

ery

S90e B

“SINK®

591 €1 )
592 €Y
%9 POL 1L

594
595
59
597
593

CHS

say
A

(25 I ]

/

S99 BTN

4

6egeLE.
661 €T a1
6R2 (F p@
6a3 “END*
fRd QYIZN
585 END

Ca,

cosh( ) subrovhne.

sinh( ) subroutme

40
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Program Description

Program Title

Name Date
Address : . 4
City State Zip Code |
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Program Description, Equations, Variables, etc.

Operating Limits and Warnings
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User Instructions

SIZE:

STeP

INSTRUCTIONS

INPUT

FUNCTION

DISPLAY

C om—a ..
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Program Listing

STEP KEY ENTRY KEY COOE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
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